An experiment was carried out to isolate, screen and characterize bacteria collected from an industrially polluted site of Bhaluka under the Mymensingh district and to evaluate their phosphorus (P) solubilizing capacity. About ten plant and soil samples from six different spots were collected from the site. Thirty four bacterial isolates were screened and pure cultures of the different bacterial isolates were prepared. Among the bacterial isolates 25 were gram negative and 9 were gram positive. About 31 bacterial isolates had catalase producing capacity and remaining 3 were negative to catalase test. Bacterial isolates were grown on a NBRIP media to determine their phosphorus solubilizing capacity. About 25 bacterial isolates were shown P solubilizing capacity. Isolate SB8 gave the highest result about 11.42 PSI (phosphorus solubilizing index), whereas other bacterial isolates showed moderate P solubilizing capacity (PSI 1.75-6.35). A plant trial with selected isolates (SB8, SB15, SB25) were also done and SB8 achieved 10% higher P content in comparison with control which supports the in vitro P solubilization assays. To cite this article: Shahinur MR, QF Quadir, A Rahman, MN Asha and MAK Chowdhury, 2014. Screening and characterization of phosphorus solubilizing bacteria and their effect on rice seedlings. Res. Agric., Livest. Fish. 1(1): 27-35. Shahinur et al.
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INTRODUCTION
Phosphorous (P) is essential for growth and productivity of plants. It plays an important role in plants in many physiological activities such as cell division, photosynthesis, and development of good root system and utilization of carbohydrate. Phosphorous deficiency results in the leaves turning brown accompanied by small leaves, weak stem and slow development. In ancient times the use of animal manures to provide phosphorous for plant growth was common agricultural practice. Organically bound phosphorous enters in soil during the decay of natural vegetation, dead animals and from animal excretions. (Mahantesh and Patil, 2011) Plants might take up several P forms but the greatest part of the applied P fertilizer is absorbed in the forms of HPO4 2or H2PO4 - (Beever and Burns, 2000) . It is the least mobile element in plant and soil compared to other macronutrients. The biggest reserves of P are rocks and other deposits, such as primary apatites and other primary minerals formed during the geological age. Most agricultural soils contain large reserves of P, a considerable part of which has accumulated as a consequence of regular applications of P fertilizers (Richardson, 2001) . Because of the negative charge of phosphate ions, they are quickly absorbed after weathering of clays or detritus particles, forming insoluble forms of aluminum, calcium, or iron phosphates, all unavailable to plants. In soil hydration and accumulation of hydrated oxides and hydroxides of Fe takes place, producing an increase of P fixation. Almost 75-90% of added P fertilizer is precipitated by Fe, Al and Ca complexes present in the soils (Gyaneshwar et al., 2002) .
Microorganisms are involved in a range of processes that affect the transformation of soil P and are thus an integral part of the soil P cycle. In particular, soil microorganisms are effective in releasing P from inorganic and organic pools of total soil P through solubilization and mineralization (Hilda and Fraga, 1999) . Currently, the main purpose in managing soil phosphorus is to optimize crop production and minimize P loss from soils. Recently, phosphate solubilizing microorganisms have attracted the attention of agriculturists as soil inoculums to improve the plant growth and yield (Fasim et al., 2002) . Plant growth promoting bacteria (PGPB) are soil and rhizosphere bacteria that can benefit plant growth by different mechanisms (Glick, 1995) and P-solubilization ability of the microorganisms is considered to be one of the most important traits associated with plant P nutrition. Given the negative environmental impacts of chemical fertilizers and their increasing costs, the use of PGPB is advantageous in the sustainable agricultural practices. It is generally accepted that the mechanism of mineral phosphate solubilization by PSB strains is associated with the release of low molecular weight organic acids (Kim et al., 1997) , which through their hydroxyl and carboxyl groups chelate the cations bound to phosphate, thereby converting it into soluble forms (Kpomblekou and Tabatabai, 1994) . However, P-solubilization is a complex phenomenon, which depends on many factors such as nutritional, physiological and growth conditions of the culture (Reyes et al., 1999) . There is experimental evidence to support the role of organic acids in mineral phosphate solubilization (Halder et al., 1990) . The present experiment was designed to screen potential PSB from industrially polluted soils of Seedstore, Bhaluka, Mymensingh for agricultural use and evaluate their physical and biochemical characteristics. An attempt was also made to determine their efficiency on the content and uptake of P in a rice seedling.
MATERIAL AND METHODS

Collection of samples
To isolate rhizospheric bacteria from plant root, ten plant samples with their roots and soil samples from six different spots were collected from an industrially contaminated site Seedstore, Bhaluka under Mymensingh district. Immediately after collection, each sample was kept in labeled air tight plastic zipper bag and stored at 4°C.
Isolation of the bacterial strains
To isolate bacterial isolates from each plant roots, all plant roots were washed with sterilized distilled water in a test tube. A series of dilution (10 -1, 10 -2 and 10 -3 ) were made to reduce the density of the bacterial population. Each diluted sample was allowed to culture separately on a 9 cm petri dish containing a solid nutrient rich agar medium having sucrose, nutrient broth and agar at the rate of 10, 10, 15 gL -1 , respectively. The pH of the medium was 6.5. Each media was autoclaved at 121°C with 15 psi for 20 minutes before inoculation. After inoculation the samples were spreaded with the help of a sterile spreader and incubated in an incubator at 28°C for 2 days. Again bacterial isolate from soil samples were isolated using a liquid nutrient rich media prepared in a 500 mL conical flask and autoclaved at 121°C with 15 psi for 20 minutes. Exactly 200 mL broth media was inoculated with approximately 2g soil inoculums and incubated in an incubator at 28°C for 2 days. Then bacterial suspension was produced in the conical flask and then this suspension was spread in a solid nutrient agar medium with desired dilution. In this isolation each media was autoclaved at 121°C with 15 psi for 20 minutes before inoculation. After inoculation the samples were spread with the help of a sterile spreader and then incubated in an incubator at 28°C for 2 days. After 2 days of the incubation morphologically different sized and shaped bacterial isolates were selected for the further culture with the help of a toothpick and pin pointed sterile needle. Pure cultures of the bacterial isolates were obtained by repeated sub-culture method. In this method, the bacterial isolates were grown repeatedly until a pure culture of a strain is obtained.
Screening of the PSB
Mineral phosphate solubilization activities of isolated bacterial isolates were tested by plate assay following Islam et al. (2007) . Phosphorus solubilizing bacteria screening were done using NBRIP medium (Nautiyal, 1999). Phosphate solubilizing capacity was calculated in terms of phosphate solubilization index, PSI (PSI=A/B, where A is the total diameter of the halo zone, and B is the colony diameter) (Edi Premono et al., 1996) . The isolates showing PSI > 2 have been considered as phosphate solubilizing bacteria.
Characterization of the bacterial strain
Morphological characterization
For the morphological characterization the colony color, colony shape and elevation of the pure cultured bacterial isolate was determined. In order to characterize all the bacterial isolate was placed on the nutrient broth agar medium with help of a loophole. After the inoculation all the bacterial isolates were incubated in an incubator for 2 days at 28°C. Two days after incubation all the bacterial colonies were observed with the help of a hand magnifying glass to identify their colony color, shape and edge shape.
Biochemical characterization
Gram test
On glass slide a loop full of bacteria from a well grown colony was mixed with a drop of 3% aqueous KOH. Mixing was continued for less than 10 seconds. A toothpick was used for picking bacteria from a colony as well as for mixing it. The toothpick was raised a few centimeters from the glass slide. Strands of viscid material confirmed the bacterium was gram-negative (Ahmed, 2011) .
Catalase test
Catalase is the enzyme that breaks hydrogen peroxide (H2O2) into H2O and O2. Hydrogen peroxide is often used as a topical disinfectant in wounds and the bubbling that is seen is due to the evolution of O2 gas. H2O2 is a potent oxidizing agent that can wreak havoc in a cell; because of this, any cell that uses O2 or can live in the presence of O2 must have a way to get rid of the peroxide. One of those ways is to make catalase. A small amount of bacterial isolate was placed from culture onto a clean microscope slide. A few drops of H2O2 were added onto the smear. A positive result is the rapid evolution of O2 as evidenced by bubbling. A negative result is no bubbles or only a few scattered bubbles (Wheelis, 2008) .
Performance of selected PSB isolate on the rice seedling
The bacterial isolates were selected to examine their performance on a test crop rice variety Iratom 24. On the basis of their PSI values three bacterial isolates were selected eg one with highest PSI (SB8), one with moderate PSI (SB15) and one with lowest PSI (SB25) and inoculated with the plant roots before transplanting. Seeds of Iratom 24 were surface sterilized by using 70% ethanol for 10 minutes, and 100% ethanol for five minutes, respectively. After every step seeds were washed by distilled water for five times. The seeds were then soaked in the bacterial suspension for 3 hours. The bacteria coated seeds were placed on petri dish containing sand for germination. Ten days old seedlings were transplanted in earthen pots and allowed to grow for 30 days. Every pot contained 10 kg soil was treated with recommended dose of urea, MoP, gypsum and TSP. The dose of TSP varied according to the treatments. Total P content and P concentration was determined after harvesting of seedlings.
Treatments under investigations
The conducted experiment was a two factor experiment viz. three PSB inoculants and different P doses. The nutrient broth containing no bacterial isolate was used as control. The treatment combinations were as follows: T1: S1P0,T2: S1P1, T3: S2P0,T4: S2P1,T5: S3P0, T6: S3P1, T7: S4P0, T8: S4P1 and T9: S4P3 Where, S1 = bacterial isolate with highest PSI (SB8) S2 = bacterial isolate with moderate PSI (SB15) S3 = bacterial isolate with lowest PSI (SB25) S4 = no bacterial isolate only media P0 = no P P1 = half dose of P P2 = full dose of P
Sample collection and processing
Thirty days after transplanting one plant was sampled from each pot and labeled properly and sent directly to the laboratory for further processing and chemical analysis. Plant samples were washed several times with tap water followed by distilled water. After air drying (48 hours) and oven drying (48 hours at 60°C) the samples were subjected to grinding (0.2 mm sieve). The ground plant samples were then digested using HNO3 and H2O2 to obtain the plant extract for the determination of P content.
Statistical analysis
The statistical analysis of the experimental data was carried out using MS Excel and Mini Tab data analysis software. Statistical differences between treatments were carried out by Tukey's range test.
RESULTS AND DISCUSSION
Isolation of bacterial isolated from the contaminated sites
Indigenous bacterial isolates from the contaminated site from Seedstore, Bhaluka, Mymensingh were isolated by culturing them on nutrient agar and nutrient broth medium. Thirty four pure bacterial isolates were isolated among which about 28 bacterial isolates were isolated from the plant roots and about 6 bacterial isolates were isolated from the soil. All bacterial isolates were designated as SB1 to SB34.
Morphological characterization
The morphology such as colony colour, colony shape and elevation of the bacterial isolates were observed. All bacterial isolates showed different colour such as greenish white, pinkish, creamy white, brownish, creamy, whitish, yellowish, yellowish cream and different shape such as round, irregular, curled and elevation as flat, umbonate, raised, convex, growth into medium. The most of the bacterial isolates were round shaped. The morphological characterization results of the bacterial isolates are given in the Table 1 . 
Biochemical characterization
Gram test
The gram negativity of isolates was confirmed by potassium hydroxide solubility test. The result revealed that an elastic thread or viscous thread was observed when loop raised from the bacterial solution by toothpick a few centimeters from glass slides in case of all gram negative bacterial isolates. Maximum numbers of the bacterial isolates (25) were gram negative and rest of them were gram positive ( Table 2) .
Catalase test
Catalase is a common enzyme found in nearly all living organisms exposed to oxygen (such as vegetables, fruit or animals). It catalyzes the decomposition of hydrogen peroxide to water and oxygen. It is a very important enzyme in protecting the cell from oxidative damage by reactive oxygen species (ROS) (Ahmed, 2011) . Likewise, catalase has one of the highest turnover numbers of all enzymes; one catalase molecule can convert millions of molecules of hydrogen peroxide to water and oxygen each second. About 31 bacterial isolates were able to produce this enzyme ( Table 2 ).
Table 2. Biochemical characterization of the bacterial isolates
Biochemical Characterization
Strains
Gram test
Gram (-) SB1, SB2, SB3, SB5, SB6, SB7, SB8, SB9, SB10, SB11, SB13, SB14, SB15, SB16, SB17, SB19, SB20, SB21, SB22, SB25, SB26, SB27, SB31, SB32, SB34 Gram (+) SB4, SB12,SB18, SB23, SB24, SB28, SB29, SB30, SB33
Catalase test
Catalae (+) SB1, SB2, SB3, SB4, SB5, SB6, SB7, SB8, SB9, SB10, SB11, SB12, SB13, SB14, SB15, SB16, SB19, SB21,SB22, SB23, SB24, SB25, SB26, SB27, SB28, SB29, SB30, SB31, SB32, SB33, SB34 Catalae (-) SB17, SB18, SB20
Phosphorous solubilizing capacity
Phosphorous solubilizing capacities of 34 bacterial isolates were evaluated and 25 bacterial isolates were capable of mobilizing phosphorus from inorganic source (tri-calcium phosphate). Those bacteria can be used to increase P availability in agricultural soils to improve plant's P nutrition. The PSI of these isolates presented in Table 3 and Figure 2 .
Strain SB8 gives the maximum PSI (11.42 ) whereas other bacterial isolate shows average result ranging from 1.75 to 6.36. Islam et al. (2006) isolated some bacterial isolate where they found PSI ranging from 1.6 to 6.7. The ability of phosphate solubilization by plant-associated Pseudomonas, Klebsiella, Enterobacter and Microbacterium species have been reported in several papers. However, reports on root-associated Acinetobacter sp. and their phosphate solubilizing activity are very rare (Rodrı´guez and Fraga, 1999) .
Effect on the P content and P uptake of the plant
The highest P content was observed in treatment S4P2 about 0.3% and second highest was in S1P1 and S2P1 about 0.2% and lowest was in S3P0 about 0.1%. Similarly highest P uptake was observed in S1P1 about 0.5 g plant -1 and second highest was observed in S4P2and S2P1 about 0.4 g plant -1 and lowest was in S3P1 about 0.2 g plant -1 which revealed that strain SB8 achieved 10% higher P uptake than control. The graphical presentation of P uptake and P content is presented in Figure 2 .
Though P content was not highest in plants treated with bacterial isolates but total uptake was highest. This was may be due to the growth enhancement by the PSB (Shitepu et al., 2007) . Phosphate solubilization was carried out by a large number of saprophytic bacteria and fungi acting on sparingly soluble soil phosphates, mainly by chelation-mediated mechanisms (Whitelaw, 2000) . Inorganic P is solubilized by the action of organic and inorganic acids secreted by PSB in which hydroxyl and carboxyl groups of acids chelate cations (Al, Fe, Ca) and decrease the pH in basic soils (Stevenson, 2005) . The PSB dissolve the soil P through production of low molecular weight organic acids mainly gluconic and ketogluconic acids (Deubel et al., 2000) , in addition to lowering the pH of rhizosphere. The pH of rhizosphere is lowered through biotical production of proton / bicarbonate release (anion / cation balance) and gaseous (O2/CO2) exchanges. Therefore, these PSB may be efficiently used in field to available fixed P from the soil. As a result application of P fertilizer will be reduced and this will increases the fertilizer use efficiency. 
CONCLUSION
Bacterial isolates were grown on a NBRIP media containing Ca3(PO4)2 for seven days to determine their phosphorus solubilizing capacity and their PSI was determined. Twenty five bacterial isolates were identified as PSB among which Strain SB8 showed highest PSI about 11.42 and rest of the strains PSI ranged from 1.75 to 6.36. On the basis of PSI, three strains were selected such as one highest PSI, one moderate PSI strain and one no PSI strain i.e. SB8, SB15 and SB25, respectively and they were treated with zero P and half P of the recommended doses of P and a control (without any bacterial isolate) treated with zero P, half P and full P of the recommended doses of P to determine their effect on the growth and P uptake of test crop rice cv. Iratom 24. Though there was no significant difference was found on the shoot and root length, number of tillering and shoot dry weight but significant difference was observed on the P content and P uptake among the treatments. The highest P content was observed in treatment S4P2 about 0.3% and second highest was in S1P1 and S2P1 about 0.2% and lowest was in S3P0 about 0.1%. Similarly highest P uptake was observed in S1P1 about 0.5 g plant -1 and second highest was observed in S4P2 and S2P1 about 0.4 g plant -1 and lowest was in S3P1 about 0.2 g plant -1 which revealed that strain SB8 achieved 10% higher P than control.
Thirty four bacterial isolates from a contaminated site has been isolated and their P solubilizing capacity evaluated. Further studies may be undertaken to explore the possibility of isolation of more effective P solubilizing isolates for compensating the P fixation problem in soil and exploring the plant species with where a desirable symbiotic relation between plant and bacterial isolate might be possible and potentials in the field applications. Advanced molecular studies are needed to identify bacterial isolates through 16s rRNA gene sequencing and also to elucidate the P solubilizing mechanisms of isolated strains.
